INTRODUCTION
Infantile hemangioma is the most common benign vascular tumor of infancy, characterized by its distinctive clinical course of early growth followed by spontaneous regression. 1 Management of infantile hemangioma has been rapidly evolving since the serendipitous discovery of the efficacy of propranolol in 2008. 2 Propranolol, a nonselective b-blocker, was approved by the Food and Drug Administration in March 2014 for the management of infantile hemangioma. 3 Although it has an acceptable safety profile, adverse effects, such as hypotension, hypoglycemia, and bronchospasm, are well known. 4 Furthermore, propranolol-induced hyperkalemia is a rare, potentially life-threatening adverse effect, which was not clearly recognized in the cardiology literature but has been noted in the pediatric dermatology literature. [5] [6] [7] 
CASE REPORT
A 4-month-old preterm male infant born at 36 weeks' gestation with a birth weight of 2.2 kg was admitted to the hospital with an ulcerated infantile hemangioma measuring 5 3 6 cm on the upper portion of his chest (Fig 1, A) . He began receiving oral propranolol at 0.5 mg/kg/day divided 3 times a day, which was gradually increased during 4 days to reach 2 mg/kg divided 3 times a day. Four days after initiation of propranolol, he started to develop severe hyperkalemia that was resistant to multiple dose adjustments of propranolol. Hyperkalemia was incidentally detected by the primary team on routine blood investigation to monitor for hypoglycemia. Serum potassium level was initially 5.9 mmol/L and reached 7.3 mmol/L. Propranolol was discontinued and management of hyperkalemia was initiated, including nebulized salbutamol, intravenous fluids, furosemide, and oral sodium polystyrene sulfonate. Two days later, serum potassium levels decreased to 3.7 mmol/L, so propranolol was resumed at a dose of 1 mg/kg divided 3 times a day, but the next day, serum potassium level reached 6.27 mmol/L; therefore, propranolol was discontinued.
Throughout the hyperkalemia episodes, the patient was asymptomatic, with normal blood pressure, vital signs, and electrocardiogram results. Serum potassium level was obtained daily, with the highest one being 7.3 mmol/L. True hyperkalemia was confirmed with repeated nonhemolyzed blood samples obtained from both serum and plasma. Urine output was normal, with a high potassium level (73 mmol/L) and low urine osmolality (70 mOsm/ kg). He had normal renal function, serum sodium levels, and serum osmolality, with no evidence of metabolic acidosis. Uric acid level was 215 mol/L (reference range 120-320 mol/L), serum phosphate level was 2.04 mmol/L (reference range 1.15-2.15 mmol/L), and serum calcium level was 2.68 mmol/L (reference range 2.25-2.75 mmol/L), ruling out tumor lysis syndrome. A high renin level of 284.7 IU/mL (reference range: 1-hour supine position 4.2 to 59.7 IU/mL; 2-hour upright sitting position 5.3 to 99.1 IU/mL), high aldosterone level of 48 ng/dL (reference range: 1-hour supine position \31.0 ng/dL; 2-hour upright sitting position \43.2 ng/dL), normal renin/aldosterone ratio, normal cortisol level, and normal adrenocorticotrophic hormone level ruled out hypoaldosteronism caused by adrenal pathology. The patient was not receiving any other medications, and no history of hyperkalemia was documented. According to our nephrology and endocrinology colleagues, there were no identified renal or endocrine causes of hyperkalemia and no detectable causes of impaired potassium excretion or potassium extracellular shifting, and, in accordance with these findings, propranolol was thought to be the likely cause.
Two days after discontinuation of propranolol, atenolol was introduced as an alternative treatment at 1 mg/kg/day, with no evidence of hyperkalemia, hypotension, or hypoglycemia. The patient was discharged home with normal serum potassium level after being observed for 4 days. On 1-week followup, the serum potassium level was 4.8 mmol/L. During the next 6 months, the serum potassium level remained normal; the infantile hemangioma completely regressed, leaving a scar, and atenolol was finally discontinued (Fig 1, B) .
DISCUSSION
Since it was serendipitously discovered by L eaut e-Labr eze et al 2 in 2008, systemic propranolol has been widely used for the management of infantile hemangiomas. Incidence of propranololrelated intolerable adverse effects is approximately 2.1%. 8 The most serious adverse events from propranolol use include atrioventricular block, bradycardia, hypotension, hypoglycemia, and bronchospasm. 4 Moreover, propranolol-induced hyperkalemia is a rare, potentially life-threatening adverse effect and has been reported. [5] [6] [7] It was first reported by Pavlakovic et al 5 in a 4-month-old preterm infant who presented with an ulcerated hemangioma on the chest wall. In 2012, propranolol-induced hyperkalemia was reported again by Cavalli et al 6 in a 1-month-old female infant who developed hyperkalemia and hyperphosphatemia 1 day after initiation of oral propranolol for an ulcerated infantile hemangioma over the upper lip. Tumor lysis syndrome, which was linked to oral propranolol treatment, was diagnosed after exclusion of other causes of electrolyte abnormalities. In 2014, hyperkalemia was reported in a 2-year-old male infant known to have intestinal hemangiomatosis. 7 In previously reported cases, oral propranolol therapy was continued because neither electrocardiographic changes nor clinical manifestation of hyperkalemia was noted. [5] [6] [7] In contrast, our patient's serum potassium level reached 7.3 mmol/L, which was higher than the previously reported values, and it was persistently high despite several dose adjustments. Fortunately, the cessation of propranolol resulted in a complete normalization of serum potassium level and the use of atenolol resulted in a significant improvement in the ulcerating hemangioma.
The mechanism of propranolol-induced hyperkalemia is thought to be related to the impaired cellular uptake of potassium caused by the reduced sodium-potassium adenosine triphosphatase function, which is primarily mediated through b2-receptor blockage. 9,10 Unlike propranolol, atenolol has a higher affinity for b1-adrenergic receptors, and it is classified as a selective b1-blocker, which explains the use of atenolol as an alternative therapy for our patient.
Hyperkalemia is also thought to be linked to propranolol-induced abrupt cell lysis, which results in further release of intracellular potassium. 5, 6 Moreover, one of the most recognized effects of b-blockers on renal function is their long-term inhibition of renin activity, which results in the suppression of aldosterone release and the subsequent increase in serum potassium level. 11 In conclusion, propranolol has been widely used for years in dermatology as the first-line treatment of infantile hemangioma. Multiple studies have demonstrated propranolol efficacy, overall good safety profile, and low risk of intolerable adverse effects. 4, 8 Propranolol-induced hyperkalemia is an unexpected, potentially lifethreatening adverse effect that has been reported in patients with large or ulcerated infantile hemangiomas. [5] [6] [7] This case report adds more evidence to the recent literature in regard to this rare serious adverse event, and we propose the use of atenolol as an alternative treatment for patients with propranolol-induced hyperkalemia. There are no guidelines so far recommending serum potassiumlevel check after initiation of oral propranolol for patients with infantile hemangioma, but we aim to raise the awareness about this potentially serious adverse event and alert dermatologists about its occurrence. Because of the asymptomatic nature of hyperkalemia and its potential for devastating sequelae, further prospective research is needed to investigate its actual prevalence and associated risk factors.
